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SECTION 1

INTRODUCTION

BACKGROUND

The Joint DoD-NASA-DoT Study of Research and Development Contri-
butions to Aviation Progress (RADCAP) traces its origins to a report
issued by the Senate Committee on Aeronautical and Space Sciences in
January 1968. This Committee recommended that "an in-depth study
should be made to analyze the nelationship befween benefits that
accrue to the Nation grnom aviation and the Level of aeronautical RED
effont." The Comnittee also suggested that the study might include
"a detailed analysis of the divergence of military and civilian aero-
nautical requirements Ln chder to arsess better the diminishing bene-
§428 %o civilian needs §rom militany RED."

In response to these recommendations, as well as to a report
prepared by the House Subcommittee on Advanced Research and Technology
in March 1970, a Joint DoT-NASA Civil Aviation Research and Develop-
ment Policy Study, or "CARD" Study, was initiated, with the report
being published in March 1971. This study placed emphasis on an
examination cf civil aviation benefits to the Nation, the relationship
of research and development to these benefits, the criteria for
Government support of civil aviation, and the identification of R&D
needs apprcpriate to continued advance in the future.

Since the CARD Study examined military contributions only in a
general sense, Mr. William M. Magruder, Special Consultant to the
President, suggested in a 9 September 1971 Memorandum to Mr., David
Packard, then Deputy Secretary of Defense, that a detaiied study
should be conducted to show the following: first, the flow of mili-
tary technology that has made the U. S. civil air transport industry
dominant in the free-world; and second, the changes in military re-
quirements that might indicate that this flow of technology, or per-
haps the timing of this flow, may no longer be of the same nature as
in prior years. The DoD agreed that such a study could highlight the
bonus effects of military programs and be valuable to civil aviation
planning. The result was the initiation of the RADCAP review.
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STUCY OBJECTIVES

Specific objectives of the RADCAP Study were defined as fcllows:

® To ddertify the majon techncfogical advances that have
been made An avdiation since 1925 - including background,
spenson, user, application, timing, and trends.

® To show the nefevancy of cuvrerntly planned and funded Dol
aeronantical RED programs to the RED needs of civil trans-
port aviation - neseanch and technology, development,
application, and thansfern process.

ORGANIZATION AND DIRECTION

Overall guidance and direction for the study was provided by a
Steering Group comprised of represcntatives from the DoD, NASA, and
the DoT. The Study Team consisted of a Working Group and nine Work-
ing Group Panels. Principal participants are listed inside the back
cover of this Summary Report (Volume I of the study report). The
Working Group Panels accomplished the primary effort associated with
RADCAP's objectives, and the detailed results are incorporated in the
Appendices to this report (Volume II}. The "Appendices" listing also
is included inside the back cover of this Volume.

During the conduct of the study, maximum use was made of exist-
ing data and documentation, as reflected in the Bibliography, and the
CARC Study was used as the source for the civil aviation RED needs
that are discussed in the RADCAP report. A substantial amount of
historical data was obtained from "old-timers" in the R&D community,
and only the major contributions and technological advances in avia-
tion, as assessed by the Study Team, have been highlighted in the
study report. In addition, the focus of this study was on transport
aviation, rather than on the fighter, interceptor, or bomber aircraft
that are purely military in nature. Firally, the RADCAP report has
been kept unclassified in order to facilitate the distribution and
general use of the information contained herein,

INCLUSTIOMS ANC EXCLUSITCNS

As the study progressed, it quickly became clear that the mili-
tary services have made, and will continue to make, many significant
contributions to the progress of aviation. DoD investments in the

1-2
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design, development, production, and operation of aircraft for the
defense mission, and in related research and technology, have led to
advances over a broad range of technical disciplines and RDTEE activ-
ities: propulsion, materials, specifications, manufacturing technol-
ogy, meteorology, plant and test facilities, electronics, and the
like. It also became clear that most technological advances involve
many disciplines and many agencies, and that growth in aviation is a
very complex and interactive process. This requires organizations,
dedicated and responsive to their individual missions, to work to-
gether to develop the common base of knowledge needed by all. Thus,
although NASA, DoT, and other Covernment and private agencies direct
much of their attentiorn to civil aviation, they also provide signifi-
cant support to the military. For this reason, NASA, DoT and other
agency programs that are joint with the military, or that relate to
military needs and efforts, also are included in this report. How-
ever, major emphasis has been placed on DoD activities, and NASA and
DoT participation has been primarily for background information and
general expertise.

It also is important to note that the RADCAP Study is concerned
only with the relevancy of military aeronautical R§D programs to
civil aviation R&D needs, and not with the ''adequacy" of these pro-
grams in fulfilling these needs. The issue of adequacy, or "suffic-
iency", would involve a very different kind of effort. Similarly,
the RADCAP Study does not address the financing, competition, or other
current issues of civil transport aviation. It ic expected that these
questions will be addressed by other agencies in other studies.

SUMMARY REPORT ORGANIZATION

® Section II of this report, whick £-1lows, contains a summary
of the results of the RADCAP Study. Included are observations derived
from the review of significant technological advance, overview remarks
on the "relevancy" discussion, and the findings of the study.

@ Sectior TII inciudes the review of the progress that has been
rade in aviation since 1925 and a summary of the significant techno-
logical advancements that have occurred.

® Section IV examines current and planned military aeronautical
"research and technology' programs, and assesses their relevancy to
the aeronautical R&D needs of civil aviation, as identified by the

CARD Study.

@® Section V describes the relationship of the development base
generated by military programs to the needs of civil airliner design,
development, and production. Included are relevancy and trend assess-
ments on the hardware transfer process.

1-3
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@® Section VI contains information on aeronautical R&D funding.
Costs and trends in aircraft development are also discussed.

® Section VII outlines the findings and observations of the
RADCAP Study. These also have been summarized in Section II.
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SECTION I1

SUMMARY

The Joint DoD-NASA-DoT Study of Research and Development Contri-
butions to Aviation Progress (RADCAP) was initiated in mid-December
1971 to examine the flow of technology from military aeronautical
research and development tc civil aviation. The study was designed
to accomplish two specifdic objectives: (1) to identify the majon
technological advances that have been made in aviation sdince 1925;
and (2) to show the relevancy of cwurent and planned military aero-
nautical nesearnch and development to the RED needs of civik aviation.
In essence, the study was a review of the bonus effects of military
aeronautical R§D programs on civil aviation, and an assessment of
what these might be in the future.

MAJOR TECHNOLOGICAL ADVANCES

The historical review of aviation progress in the United States
resulted in the identification of 51 major technological advances
occurring since 1925 that were considered by the RADCAP Study Team to
be especially significant. The review was divided into four time
periods: 1925-1940, 1941-1950, 1951-1960, and 1961-1972. The results
of the review show that there were approximately the same number of
advances, and approximately the same number of advances per year, in
each of the time periods. The period that included World War II con-
tained the greatest number of advances per year, indicating the
effects of the large wartime effort.

The year of 1925 was selected for beginning the study due to
the increase in public awareness of aviation, and the resultant activ-
ity that was directed to aviation, at about that time. U. S. aviation
really began prospering and growing in the late Twenties. A large
number of the early advances, which were largely airframe and engine
oriented, were stimulated by civil aviation needs, and nearly all were
influenced by the work of Government agencies.

Especially since World War 11, mikitarny sponsorship and finst
use have chanacterized most of the significant technofogical advances
Zhat have been made. Furthenmone, militany reseanch, development,
test, and evaluation vsually have provided the basis for the accept-
ance and use by ci{vil aviation of the techncfogical advancements. The
jet airliner is probably the best example of the civilian application
of the military sponsored research, development, and production base.
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About 70 percent of the major technclogical advances in aviation

since 1925 are the result of military sponsorship. Another 20 per-

cent were sponsored by civil agencies of the Government. The remain- -
ing advances were sponsored by the private sector, including aero-

space and airline industries.

e tdu sy At

The selected advances ane divense in nature, 40 there are wide
variations in the time fLags experienced between the experimental
demonstration of a significant technological advance and the §4n81
operational use by military or civil aviation. However, the average
time lags for the advances studied were 3.04 years for the military, :
and 5.19 years for civil aviation. The shorter time lag to use by 3
the military reflects the urgency often associated with the superior
aesonautical performance required for the national defense.

v

The Study Team was impressed by the fact that the prognress of
aviation has been manked by the effonts of many contrnibutorns. Sev-
eral advances have had their basic origins in foreign countries, with
the U. S. exploiting them in further development and use. Also, tech-
nical disciplines and sciences in many areas are involved, such as
those in meteorology, human factors, and aviation medicine that are
often not considered. 1In addition, Government non-defense agencies,
whethen the need has developed from military cn private sector avia- )
wh'cl 40211&5, have been key contributons te the progress that has been
achieved.

A 49, 3TN 0 PN TP T

Another observation is that recent advances show a trend to
total system consideration in growing recognition of the fact that
the aircraft itself is only one part of a larger capability problem.
The military has pioneered in this area of integrated system design,
and now civil aviation is adopting a similar approach.

Se—.

MILITARY "TECHNOLOGY'" RELEVANCY TO CIVIL AVIATION NEEDS

it B P A P

| The cwuent a4 planned Dol aeronautical neseanch and technol-

0gy programs were reviewed and compared with the RED needs of civil
: aviation. The nelated on joint effonts of other Government agencies
e akso were included (n the neview. This assessment shows that the
£ * nelevancy of these military effonts to the RED needs of civil avia-
tion 48 high, and that this nelationship 4s expected to continue 4in 3
the futunre., 3

The major problems of civil aviation that require increased .
emphasis and high priority R&D programs, as outlined in the recently
! completed Joint DoT-NASA Civil Aviation Research and Development
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(CARD) Policy Study, are noise abatement, relief of congestion in
areas of high traffic density, and low density short-haul transporta-
tion. Additionally, there are other problems of high importance to
the future of civil aviation, especially those relating to long-haul
transportation (including the possible advanced supersonic transport
consideration), air pollution, air cargo and the broad technology
base supporting all of these.

In both noise abatement and air pollution, the military seivices
are major participants in several interagency programs, and separately
are conducting a wide variety of fundamental research and technology
programs. In noise abatement, however, the military projects are just
getting underway, and so the relevancy assessment is '"low", with an
upward trend indicated. In air pollution, on the other hand, the
military has been active for several years, so the relevancy assess-
ment is '"moderate", with an upward trend also indicated.

In the airways aspect of congestion, it is clear that the mili-
tary services have many important air traffic control, navigation,
and communication research and technology programs. Accordingly, a
"high" relevancy rating is assigned. Regarding the airport aspect of
congestion, however, only military runway efforts seem pertinent to
the civil problem. Thus, the relevancy assessment is "low". No
change in trend in either case is anticipated.

The degree of compatibility between military research and tech-
nology programs and the short-haul transportation RGD needs of civil
transport aviation also is clearly "high". The numerous helicopter,
STOL, and VTOL efforts of the military certainly will be beneficial
to civil aviation,

In long-haul transportation, there are several significant mili-
tary research and technology efforts with important spin-off possi-
bilities. However, only a "moderate" relevancy assessment was made
because it cannot be shown that the military projects are broad-base
in nature when all of the long-haul RED needs are considered. In
addition, a downward trend is indicated because the military does not
have any long range transport aircraft development programs under
active consideration at this time. Thus, the extent and number of
future military R&D programs in this area could decrease.

In air cargo RGD, relatively few new military projects are in
progress. ‘liowever, because of past work, and '>zcause improvements in
cargo handling and containerization still are being made, a '"moderate"
rating has been assigned.

Finally, the relevancy of the underlying technology base devel-

oped as a result of military programs is excellent in all of the dis-
ciplines, and a "high" reievancy assessment is the result.

II-3
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MILITARY "DEVELOPMENT" RELEVANCY TO AIRLINER DEVELOPMENT

A review of the contributions of the military aeronautical
""development' base to civil transport aviation also was accomplished.
Six case studies were made to examine the application and transfer of
aeronautical technology and hardware to civil airliner design, devel-
oprent, and produc'ion.

14 48 clean that the militarny technofogy and hardware developed
gon the post-World Wan 11 swept wing jet powered aircragt provided
the basdis f§rom which the §irnst commercial subsonic fet transponts
were developed and produced. However, a reduction in large military
aircraft development beginning in the mid-1950s has diminished the
direct transfer of hardware, and the direct application of the mili-
tary development base (manufacturing technology, tooling, plant and
test facilities, production methods, etc.), to the development of
civil airliners and transports.

The necent initiation of military prototype progrems, togethen
with a continuing strong RED program, will demonstrate the §casibil-
Lty and operational capabilitiecs of new aeronautical concepts. For
example, the proposed Advanced Medium STOL Transport prototype could
provide much of the design data and experience needed for development
of a commercial Medium STOL Transport for short-haul transportation.
In this area, the downward trend in hardware transfer may improve.

The tnend 4n the thansfen of hardware and development experience
grnom the militany to Lange Long-hawl commercial aircraft development
has been dewnward. Even though much fundamental work in technology
is underway, the future is uncertain. If an improved subsonic com-
mercial airliner should be desired, the transfer could be significant.
However, if an advanced supersonic transport should be desired, espe-
cially if needed by the mid-1980s, development effort would have to
be expanded and accele .ated. The current absence of a tirm military
need for a new long-haul transport, either high subsonic, transonic,
or supersonic, could significantly impact the technology and develop-
ment base that historically has existed in the long-haul area.

MILITARY AERONAUTICAL FUNDING TRENDS

The Long term trend 4n U, S. aznonautical RED expenditure‘ is
upwasd forn all three majorn elements of the total: Federal defense,
Federnal non-defense, and industrny. Unless there is a complite rever-
sal in national aeronautical goeals, the general increase in funding




for aeronautical RGD is expected to continue. With economic escala-
tion considered, the trend is still slightly upward for all elements.
However, since 1954, the availability of aeronautical R§D funds, taken
as a percentage of the ever-increasing Gross National Product (GNP),
has suffered a severe reversal in the former upward trend.

Development costs of new aircragt have been nising much more rap-
Adly than the nate of increase in aeronautical RED funds. The costs
have risen because modern aircraft, whether military or civilian, have
become increasingly complex and sophisticated in the drive for im-
proved performance and productivity. Any decrease in the relevancy
of the military aeronautical R§D program to the needs of civil avi-
ation could add even further to the already increasing costs of civil
airliner development.

SUMMARY OF STUDY FINDINGS

The findings are based on the assumption that currently
funded and programmed military aeronautical R§D programs will con-
tinue to completion. The findings of the RADCAP Study are summarized
below:

® CGovernment sponsorship, primarily military, has provided
most of the significant technological advances that have been made
in U.S. aviation,

® Early military application of technological advances in
accomplishing the defense mission has provided the basis for their
acceptance and use in civil aviation.

® Other bonus effects, or spin-off benefits, of military aero-
nautical RED have been extensive - manufacturing technology and tech-
niques, production methods, tooling, and plant an” test facilities.

® The military aeronautical R&D program, in support of defense
objectives, will continue to be substantial.

® With possible exceptions in the area of large, long range
transonic and supersonic cruising aircraft, the research and tech-
nology generated by the military R&D program will continue to be
available for civil aviation application, essentially as in the past.

IT-5
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® The benefits accruing to civil aviation from the military

sponsored development and production base, however, have decreased
in both relevance and importance.

® In short-haul transportation, the downward trend in the

hardware transfer process should reverse, and relevancy
should begin to improve.

In long-haul transportation, little change to the current
"low-to-moderate' relevancy status is forecast.
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SECTION I1I1

MAJOR TECHNOLOGICAL ADVANCES IN AVIATION

This section of the RADCAP report summarizes the major techro-
logical advances that have been made in aviation since 1925. The
discussion is divided into four time periods: 1925-1940, 1941-1950,
1951-1960, and 1961-1972. Each review is preceded by a brief resume
of the important historical events that impacted on the progress of
aviation during the period under discussion.

As noted in the introduction, the selection of a relatively few
"'major technological advances" from the many achievements that have
marked the growth of aviation was a very difficult and subjective
process. The rationale or criteria used in selecting a particular
advance as '"'major" centered on timeliness, magritude, and overall
applicability to aviation progress. A major consideration was the
value of the advance to the solution of R§D problems slowing growth
in aviation, or to the removal of obstacles preverting desired
improvements in aircraft capability. Assessments were made on the
tasis of available data and documentation, on the recollections and
judgment of the Study's advisors, and on a careful evaluation of the
total worth of the listed advance to the overall progress of avia-
tion.

Listings of techiclegical advances such as those compiled 4in
this nepont do not necognize, howevern, the many other advances, the
vast amount ¢f basic neseanch, the painstaking development of
chgdneending data, the complex and vardied interactions of veople and
organizations, the dynamic interchange of information and ideas, on
the magnitude cf the total national invofvement that have made it
all possible. These consdiderations always must be regarded as
basic and vital ingredients, on foundations, to any technological
achievemert.

The singularly important role of ground and flight test
facilities in the development of aeronautical systems, for example,
nas not been specifically addressed in the RADCAP report. However,
the contributions of the U.S. Government in providing the expensive
test facilities so necessary to the development of modern aircraft
must be recognized throughout this report on aviation progress. The
test facility story, like many others, is an entity in itself.

I1I-1
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; AMERICAN AVIATION IN 1925

The year of 1925 was selected as the appropriate starting

E point for RADCAP's historical review of aviation progress because of
| : the rebirth of purpose and general reawakening that began to charac-
] terize U.S. aviation during that year. Even though the airplane had
: been developed and flown by the Wright Brothers in the United States
: in 1903, foreign nations were the first to recognize the outstanding
potential of this machine. By 1914, for example, when World War I
begar, Germany, France, and England had over 2,200 combat airplanes

k ready fer action. By contrast, the U.S. had produced less than 50

P military aircraft by that date, and only a few more civil aircraft - ,
about 60. Though production of aircraft increased dramatically in '
the U.S. during the war years to a peak of over 14,000 in 19i8, the '
end of the war brought this upward trend to a sudden halt. In 1922, i
4 post-war low was reached when only 263 new military and civilian
aircraft were produced.

e

The situation was not much different in earnfy 1925, Capital
{invested (n the aviation industrny had Largely been withdrawn; engdi- *
; neering talent had scatterned; and, except forn the ain maif service,
i Government {nterest was Low. The only aviation Cead that the U.S.
cowld claim was Ain night fLying. Fornedign governments, on the oiher
hand, had exhibited keen internest in developing aviation as a
vafuable means cf thavspontation. They noutinely supported thein
ain traspontation {ndustries, and miles fLown over regulanly
operated ain neutes An Ewnepe exceeded those of the U.S. by three %o

e

cne.

Fortunately, however, many Americans had recognized the lagging
position of this country in acronautical research. In 1911, for 1
example, a proposal was made to Congress that the Smithsonrian 1
Institute be given rcsponsibility for establishing an Aeronautical

Research Laboratory. When Congress did not approve, the Smithsonian
then recommended, in 1915, that a National Advisory Committee for
Aeronautics be established. Congress espproved, and the NACA, to
become NASA in 1958, was born. Two years later work began on its
new laboratory - the Langley Memorial Aeronautical Laboratory, now
the Langley Research Center - near Hampton, Virginia.

e et

Soon thereafter, an Act of Congress in July 1921 created the
Navy fureau of Aeronautics with responsibilitiss in matters pertain-
ing to Naval Aviation, and in March 1924 the llouse established the
Lampert Committee to examine questions and issues pertaining to
U.S. air services.

Later, in 1925, the Department of Commerce and the American
Engineering Council formed a joint committee to survey the national
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development of commercial aviation in the United States. Its
recommendations on air navigation, facilities, licensing of pilots,
inspecting and registering aircraft, and promoting public confidence
and interest helped set the stage for the rapid growth soon to
follow. One of the recommendations, of particular interest to this
report, was that Government should carry on fundamental research in
furthering ths cause of civil aviation. In addition, in 1925,
President Coolidge responded to the years of compromise and contro-
versy over aviation, and particularly to the public outcry raised by
the criticisms of Billy Mitchell, by appointing the Morrow
Commission to study the best meant of 'developing and applying
aircraft in the national defense" and 'creating a strong commercial
service'" to support this capability. Among the actions resulting
from the Commission's findings were the establishment of the Army
Air Corps and the passage of the Air Cocmmerce Act, both in 1926.

il o Bt

All of these events, then, reflected a new interest in the
airplane and its potential. The stage was set for the rapid growth
and advancement that soon would permit the United States to become
the world's foremost nation in aeronautical achievement.

AMERICAN AVIATION - 1925-1940

GROWTH AND PROGRESS

The perdiod g§rom 1925 to .940 is one 4in which th: U.S. clearly
overtook the earnly European Lead 4in aviation. Lindbengh's histonic
cnossing of the Atlantic, the spectacularn success of the DC-3,
Amenican geography and the American bent for travel, and the signi-
§icantly increased attention being given to the deueﬂopment of U.S.
militany arcraft were perhaps the most impontant single factons in
this achievement.

In 1926, the Ford Trimotor became the first successful large
airliner to be built in America. It brought cruising speeds up to
105 miles per hour. By 1927, the Lockheed Vega appeared as
America's first challenge to the lead in transport design so long
held by Fokker and Junkers; and, by 1928, Commander Byrd had flown
over both poles.

In 1931, the Boeing YB-9, an all-metal prototype bomber with
a speed (188 mph) greater than that of contemporary pursuit ships,
was flown and tested; and, by 1935, Pan-American transpacific
"Clipper" service had begun. Also, in 1935, the XB-17, the four-
engine prototype predecessor of the well-known "Flying Fortress"




first flew. In 1939, the 42 passenger DC-4, at the time the
world's largest transport, made its first public appearance in

a flight from New York City to Chicago, and the pressurized Boeing
307 Stratoliner entered service a year later. Significently, by
1940, American domestic airlines were carrying over 2,000,000
passengers a year in a new vecord for the air transportation
industry.

During this period world records in endurance, range, altitude,
and speed were routinely being set and broken by U.S. pilots flying
U.S. aircraft. 1In 1931, a world distance record of over 5,000 miles
was established in a flight from Floyd Bennett Field to Istanbul,
Turkey; in 1935, Howard Hughes set a land plane speed record of over
352 miles per hour; and in 1939, an all-time, refueling-endurance
record of 726 hours, one full month, was set.

This period also saw the rise and fall of another form of air
transportation, the dirigible. After a series of major tragedies,
including the Shenandoah, Italia, R-101, Akron, and Macon, the
Hindenberg disaster at Lakehurst in 1937 wrote a fiery finish to
the early promise of passenger carrying airships.

By 1938, the time had come for a majorn expansicn of the
Federal ncle 4n avdation, much beyond that of the develfopment and
operation cf the aimays system, and the CLvil Aeronautics Act of
1938 was passed. This Act created the independent CLivil Aero-
nawtics Autherdity and oecame the basic statute forn hegulation of
vl avdation.,

And, by 1940, the aircraft industry had become big business.
Its backlog of orders was over $2 billion, its exports were over
$300 million, and it produced over 12,000 aircraft that year.

Thus the period from 1925 to 1940 saw aviation become a basic
ingredient to the American way of life. Its progress - military,
commercial, and private - was marked by a constant series of "head-
line" events, and the public now accepted the airplane as being
actually capable of everything that its champions had claimed for it.

SIGNIFICANT TECHNOLOGICAL ADVANCES - 1925-1940

The spectacular advancements in aviation duiing this period
would have been impossible without puarallel advances in the techno-
logical base. In the drive to fly faster, higher, and further, it
was essential that improvements in engines, airframes, aircraft
handling and control, and flight operations and safety be achieved.
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However, as has been characteristic of the entire history of avia-
tion, the solution to any one problem usually led to the discovery
of still other challenges in achieving further progress.

@® Advances in Engine Performance

A series of major technological advances during the period
resulted in improved engine power and efficiency that, in turn,
permitted improvement in aircraft range, speed, payload, and economy
of operation. The foremest of these were the development of the
nadiak airn-ccoled engdne, nighen octane fuels, supercharging, and the
contwillable pitch propetlen.

Radial Aii-Cocled Engine - The most significant engine
achievement cf this period undoubtedly was the introduction
and use of the radial air-cooled engine. The highly
successful, nine cylinder, 200 hp model J-1 engine was
developed by Lawrance with Navy funding starting in 1920.
The engine passed its 50 hour test in 1922 and began flight
tests soon afterward. This basic engine design was
progressively improved in the yeais that followed and, in
1925, Wright Whirlwind radials powered the first practical
passenger-carrying transport aircraft in the U.S. - the
Fokker F-7 tri-motor. In 1927, a model J-5 engine powered
Lindbergh's transatlantic flight. Competitive developments
of the two leading U.S. engine firms, Wright and Pratt and
Whitney, then led to radial engines of over 3,000 horse-
power later in the period.

High Octane Fuefs - In 1925, aviation gasoline only had
an octane rating of about 50, although active research to
improve fuels had been underway for years. This low octane
rating was recognized as a limiting factor on the allowable
compression ratio and efficiency of engine designs, a fact
which led the military to stimulate the development, test,
and use of higher octane aviation fuels. The superior
performance that resulted led both the Army and Navy to
adopt 100 octane fuel as standard in 1936. The airlines,
however, continued to use the lower cost 90 octane fuels
until after World War II.

Supenrchanging - The need to overcome the limitations to
high altitude flight became very important to the military
following World War I. Although the military had funded
supercharger development as early as 1918, it was not until
1927 that the Pratt and Whitney '"Wasp'", the first U.S.
production engine with a gear-driven supercharger, was
introduced. From 1930 on, virtually all production engines

ITI-5




B AR

for military and civil transport applications incorpo-
rated some form of supercharger. The first application
of "turbosupercharging' to a military aircraft was the
Consclidated P-30, later decignated the PB-2, in 1935.
The first heavy bomber with turbosuperchargers was the
Y1B-17 in 1938. Following this, the Wright R-1830-51
engine was turbosupercharged to yield 1,000 hp at 25,000
feet, with these engines being used to power the B-17B.
Commercial transport aircraft did not incorporate
turbosuperchargers until the advent of the Boeing Strato-
cruiser in 1949,

Controllable Pitch Proweflfens - Early fixed-pitch
propeller designs were a compromise between the different
pitch settings that were best for take-off and cruise
flight conditions. Because this compromise did not
permit optimum performance, the Navy initiated a develop-
ment program for controllable pitch propellers with
Hamilton Standard in March 1931, and an early design was
tested on a Navy Curtiss F6C-4 in Sertember. Caldwell

is the individual credited with development of the first
practical controllable pitch propeller in 1932 while
associated with the Hamilton Standard Propeller Company.
The Navy used variable pitch propellers operationally as
early as 1933 on Boeing F4B-4s. This two-position
propeller also was incorporated in the Boeing 247
commercial transport in 1933. Conversion to the improved
constant-speed propellers, with automatically controlled
pitch, begin in 1934.

@® Advances in Airframe Design and Materials

Just as increases in engine powen and othern engine-related
Amprovements will permii highen penfomnmance in aircragt, s0 will the
application of other advances in airframe design and materials.

Thus, 2§gonts to neduce aerodynamic drag and aircrafd weight, without
the sacnifice of strength on structural integrnity, also recedved majon
attention durning this period. Four of these advances are considened
especially signdificant contnibutions - the netraciable Landing gean
and NACA Cowling in drag reduction, and stressed-skin construction

and new aluninum alloys in weight neduction.

Retnactable Landing Gear - By the early Twenties, the
aerodynamic drag of fixed, extended landing gear had become
a severe limitation to the achievement of higher speed
flight. Thus drag was considerably reduced with the advent
of a retractable system. Though an early experimental
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configuration was tested in the Air Corps Dayton-Wright
XPS-1 of 1921, it was not until 1930 that retractable
landing gear appeared on an operational aircraft - the
Boeing Monomail transport. This advance, however, was

not used in production military aircraft until the Navy
first flew its Grumman XFF-1 fighter in 1931. The basic
XFF-1 lire grew to include the later F2F and F3F series,
with a total of 248 aircraft built. Introduction into the
inventory of the Martin B-10 bomter, which also had
retractable landing gear, occurred a few years later.

NACA Cowfing - In specific respense to the military
need for improved aircraft performance, systematic
testing in wind tunnels at the Langley Research Center
ied to the design of the NACA Cowling in 1928. This
cowling not only reduced aerodynamic drag but, with the
addition of baifles between the cylinder heads, also
imwproved the cooling efficiency of the radial air-cooled
engines previously discussed. When first incorporated
on an Air Corps Curtiss AT-5A airplane in 1928, it per-
mitted a speed increase from 118 to 137 mph, the
equivalent of 83 additional horsepower in engine per-
formance. This was recognized as a major achievement,
and NACA received the 1929 Collier Trophy for this
development. The NACA Cowling soon became the standard
enclosure for air-cooled engines. The Lockheed Vega
"Air Express', rebuilt from a prototype and fitted with
the NACA Cowling, was certified in January 1929. Military
use occurred in 1932 on the Martin XB-10 prototype, the
XB-907A.

Strhessed-Skin Metal Adirnplane - Initially, in the
construction of metal aircraft, the metal skin was used
to carry local airloads in the same manner as fabric.
During the 1925-1928 time period, however, Wagner in
Germany and Northrop in the United States saw possibili-
ties for improvement, and independently evolved the
theory for all-metal stressed-skin construction. This
new design discovery employed the metal skin as an
integral part of the airframc. The use of thin sheet
metal supported at the edges to carry significant loads
permitted greatly improved structural efficiency and
lighter weight airplare construction. Beginning in 1930,
four large stressed-skin metal airplanes were designed
and built u: ng varied methods of construction. They
were, in orde: the Boeing Monomail; the Northrop Alpha;
the Boeing XB 91, from which the commercial 247 aircraft
was derived; and the Martin XB-907A, known as the B-10 in
its production version. In addition, the Boeing XP-9
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was built as the first stressed-skin all-metal pursuit
gircraft. It flew in November 1930.

s,

Aluminum ALLcys - The light weight and versatility of
aluminum have made it the material of greatest use in the
aircraft industry. Although the Wright Brothers used

: aluminum in the engine of their 1903 airplane, it was not
; until the mid-Twenties that aluminum alloys were developed
with sufficient strength for aircraft structural use.
Duralumin, which was developed in Germany about 1925,
became the first high strength, heat treatable aluminum
alioy. Then, in 1931, the 2024-T3 aluminum alloy, with a
4 25 percent higher yield strength was developed by U.S.

E industry. This alloy was used in 1935 on the Boeing Model
299 (XB-17) and the DC-3.

@® Advances in Aircraft Handling and Control

j Two sdgnificant technological advances took place during
L this pendod in the arnea of aircraft handling and control. The

' introduction of high £i§t devices permitted greatly improved

handling characteristics duning Landing and takeoff, and the develop-
ment 04 the autopilfot contrnibuted immensely to aircragit operation
duning crudse §Light conditicns.

s wisest o 5e ks

High Lift Devices - Several high lift devices,
including wing flaps, were developed in this time period.
E The simplest form of flap is a section of the trailing edge 1
4 of a wing that can be hinged downward to increase the lift
: and drag of the wing. The initial advantage of flaps was
to permit slower and more steep approaches for landing.
The Fowler Flap, which was invented as a private venture in
the mid-1920s, had the additional advantage of increasing
the wing area, thus producing additional 1lift for improved
take-off performance. The first military use of wing flaps
to minimize landing speed appeared on the Curtiss A-8 Shrike,
which entered service in 1932. First use in a civil appli-
cation was the incorporation of split flaps on the Douglas 1
[IC-1, which first flew in 1933.

Autopifol - The ability to operate aircraft in level
1ight under automatic control was made possible by the 3
: autopilot. This device evolved over a long period of time, P
1 and was pioneered by Sperry in the United States. A
successful test of an early Sperry gyrostabilized pilot in
a Navy FSL was completed in 1920. In 1933, Wiley Post
successfully used the Sperry A-2 three-axis autopilot in
his round-the-world flight in the Lockheed Vega 5-C. The
system included gyros with pneumatic pickoffs and three- ’ 4

ITI-8




.,

RO

axis control with proportional hydraulic servos. Sperry
A-2 autopilots were first employed aboard DC-1 and DC-2
aircraft in 1935. The first military use of this autopilot
was in the B-18A, in 1936. Four electric autopilot designs
were subsequently developed and widely used by U.S.
military aircraft during World War II.

Adva..ces in Flight Operations and Safe.y

Duning the perdiod gfrom 1925 tc 1940, fLying was cften very

hazardous and always subject to many uncertainties. Progress was
substantial, though, and many advances emernged that nelated to
§Light operaticns and safety. Four of these that are considered
especially significant wene the develooment of the Standard Atmos-
phere, de-icing equipment, cabin pressurization, and two-way radio
communication.

Standard Atmosphere - In the early 1920s. with all of
the advances in aeronautics, engineers required increased
knowledge and more accurate data on the characteristics of
the atmosphere. This information was essential to aero-
nautical designers concerned with aircraft icing,
propulsion systems, and aircraft pressurization. In
response, NACA in 1925 developed the first modern Standard
Atmosphere,; a data book which describes tne vertical
structure of the atmosphere in terms of temperature,
umidity, pressure, and density. By 1936, a national
network of vertical atmospheric soundings was established.
The data collected led to further knowledge and the
development of an improved Standard Atmosphere. This
network also provided the background for the development
of improved upper-air observation systems which include
wind measurements essential to preparing accurate aviation
weather forecasts.

De-4ic4ing - Because of the many airplane crashes directly
traceable to icing, and because of the many other hazards
associated with this problem, the subject of ice formation
on aircraft came under intensive investigation in 1928,
when a conference was held by the Department of Commerce,
Army, Navy, NACA, and the National Bureau of Standards.
Between 1928 and 1931, flight testis and refrigerated wind
tunnel tests by NACA identified the primary forms of ice
which could be encountered, the effect of such formation on
aircraft, and the direction for furthei investigation.
Electrical, mechanical, and chemical methods of de-icing
were explored. Pne'matic inflatable de-icer boots were
developed and widely used on wing and empennage leading
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edges. Heated wing concepts were developed later. Otler
major benefits from these early efforts included alcohol

] : spray for propellers, alcohol spray and wipers for wind-
shields, electrically heated airspeed sensing protes, and
carburetor anti-icing equipment. In 1935 de-icer toots were
installed on the Douglas XB-18, and also were used on the
TWA DC-2 commercial aircraft.

T

.

Cabin Pressurnization -As a result of the early
realization that high altitude flight offered many

: advantages, several exploratory investigations were con-

i ducted early in this time period on the effects of altitude
3 on humans, and on survival at various levels in the upper
; atmosphere. Cabin pressurization seemed to offer the most
promise, and a variety of pressure tank and other experi-
ments were devised. The first successful demonstration of
cabin pressuriration was accomplished by the Air Corps in
a Lockheed XT-35 aircraft in 1937, The Boeing 307
Stratoliner commercial transport, which flew in late 1938,
then becam: the first production aircraft with cabin pres-
surization. Successive improvements have been made, and
now high altitude operations proceed routinely while cabin
pressures are maintained at a safe "altitude-level equiva-
lent" of 8,000 feet or less.

Two-Way Rad."o Communicaticn - In recognition of the
need for air-to-ground communications, several telegraphy
and radio demonstrations were accomplished in the early
Twenties. U5y 1928, the military had two-way radio

“ equipped aircraft in operation. At that time the Air

3 Corps was experimenting with a C-2 radio laboratory air-

1 plane that included two-way radio telephone equipment for
communication between the air and ground. Navy squadro.

1 VB-?B also was provided with radio telephone equipment

E in 1928. During that same year Boeing and the Bell

: Telephone Laboratories conducted a survey of the special
needs of aviation for radio communications, and by 1929,
two-way radio was introduced into commercial aviation.

SIGNIFICANT TECHNOLOGICAL ADVANCE SUMMARY - 1925-1940

From the preceding discussion of significant technological
advances during the 1925-1940 time period, it is clear that there
were many major achievements that contributed, in one or many ways,
to the rapid progress that was taking place in U.S. aviation.

Table 1 is a summary listing of the advances, and a footnote
to the table explains the headings that are used. Most of the
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advancements were Government sponsored, seven by the military and

{ = e three by the civil agencies. 'First" use was divided equally
E between miiitary and private sector aviation, with the average time
3 : lag for use being about three years for the military and three and

one-half for civilian aviation. As noted before, the advances were
in materials and structures, engines and airframes, equipments and
subsystems - and not concentrated in any one area.

Table lf

Significant Technology Advances - 1925-1940

4 y
g USER
i ADVANCE DATE | SPONSOR -
MIL | PVT SECT

RADIAL AIR-COOLED ENGINES ‘ 1920 | GCVT MIL 1922 1925
] RETRACTABLE LANDING GEAR 1921 GOVT MIL 93! 1930
: STANDARD ATMOSPHERE 1925 | GOVT CIV 1925 1925
E H1GH LIFT DEVICES 1927 | PVT SECT 1932 1933
SUPERCHARGING 1927 | GOVT MIL 1930 1930
NACA COWLING 1926 | GOVTCIV 1932 1929
£-1CING 1928 | GOVTClv 1935 1935
TV/C-/AY RADIO COMMUNICATION 1928 | GOVT MIL 1928 1929
STRESSED-SKIN METAL AIRPLANE 1930 | PVT SECT 1930 1930
ALUMINUM ALLOY 1931 PVT SECT 1935 1935
CONTROLLABLE-FITCH PROPELIERS 1932 | COVT MIL 1933 1933
AUTOPILOT 1933 | PYT SECT 1936 1935
HIGH OCTANE FUELS 1936 | GOVT MIL 1936 1946
CABIN PRESSURIZATION 1937 | GOVT MIL 1937 1938

* Note: The 'date" listed for each advance is the one where some-
thing especially significant occurred in the United States. This
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AMERICAN AVJATION - 1941-1950

GROWTH AND PROGRESS

The perdcd grom 1941 to 1950 could well be called the Golden
Aae of U.S. aviation because of the many types and kinds and £arge
numbers of aircragt produced, because o4 the individual and group
achievements that became akmost daily noutine, and because of the
national "ain-mindedness" that grew out of Worndd Uan 11.

In 1941 the Douglas XB-19, the world's largest land plane,
and the Martin PB2M Mars, the world's largest flying boat, both in
the 70 ton class, were flying. By the time of the attack on Pearl
Harbor, all of the U.S. aircraft to play such a prominent part in
the War were either in production or on order.

In Workd War 11 the airplane emerged as a majon instrument of
militany powern and, agten the war, growth in the commercial indusiry
was unprecedented. In 1944, the United States aircraft industry was
the largest single industry in the world. Its $17 billion worth of
business was over 10 percent of the United States Gross National
Product. Even with the cancellation of over $26 billion in Army
and Navy contracts in 1945, the industry survived and, by the end
of the decade, was again growing and prospering.

The perdod saw development of the helicopten, the B-36 inter-
continental bomben, the jet ighter and the jet bomber. In 1944
the "X'" series of research aircraft was proposed by NACA in the
initial planning for a long series of jointly-developed research
~ircraft that greatly expanded the frontiers of aeronautics. In
1946, a B-29 set an altitude record of 44,200 feet for operational
aivcraft in a flight over Guam; ejector seats were successfully
tested at Wright Field and Lakehurst; the New York Yankees became
the first major league baseball team to regularly use air

could have been the full development of an idea, the discovery of
something new, or the development of hardware with known applica-
tion - sometimes direct, and sometimes after further development.
"Spoasor' designations reflect the primary source of the funding
that made the advance possible, rather than the origin of the

need or the accomplishment of the work. Designations are by
Government/Military, Government/Civil, and Private Sector. 'User"
listings are in Military and Private Sector categories, with the
date shown reflecting application or use of the advance in
operational or service aircraft,
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£ transportation to meet its schedule; and the "Truculent Turtle,"
3 a Navy Neptune patrol bomber, set a new non-stop, long distance
£ ) world reccrd in a flight of almost 12,000 miles from Perth,

Australia, to Columbus, Ohio. 1In addition, the year 1946 saw
the first flight of an "X" aircraft, the X-1, which had been
designed and built specifically to investigate and determine the
feasibility of supersonic flight. And, in 1948, a Navy Mars
carried 68,282 pounds of cargo, the heaviest payload ever lifted
by an aircraft to that date.

ot

During this period, prototyping matured as a standard pro-
cedure in weapoi: system acquisition, and the development of
experimental and prototype aircraft was a major activity of the :
industry. The United States Air Force was formed in 1947, and
during the next year the Berlin airlift began, in what was to prove
a stunning setback to Communist ambitions.

By 1950, aircraft production had climbed back to over 6,000,
after dropping from the all-time high of 96,000 in 1944. Industry
sales were at $3.1 billion, with the DoD being the biggest
customer ($2.6 billion)}; and over 19 million passengers were
flown on domestic and international routes to set a new high of
more than 10 billion revenue-passenger miles. The industry was
in the forefront of the rapid advances and outstanding achieve-
ments that were characteristics of aviation in this decade.

SIGNIFICANT TECHNOLOGICAL ADVANCES - 1941-1950

Military needs for higher performance aircraft were
responsible for most of the technological advances that were
achieved during this period. The limitations of the piston
engine/propeller propulsion systenl, the straight wing, and
existing structural materials were widely known, and the search
for new ways to reach a speed of 500 miles per hour, or even to
cross the sound barrier, were aggressively pursued. The desires
to fly in all kinds of weather, to improve equipment reliability,
to carry more payload, and to oper:ce at higher altitudes also
were important stimuli to the advances that were sought. Those
achieved and considered most significant have been grouped for
discu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>